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Between May and December 2001, 574 Iowa science teachers participated in a statewide science safety project supported by financial 
assistance from the Iowa Department of Natural Resources. Parr. one_ of the project focused on assessing the status of safety in Iowa 
secondary science programs. Part two was to provide teachers with mformatton, rools, and training ro address the identified needs. 
Three safety concerns were identified: one was associated with the age of lab facilities and two were related to safety training of 
teachers. 
INDEX DESCRIPTORS: School science safety. 
Safety is an essential ingredient in all facets of our lives, and it is 
especially important when working in today's complex sociological 
and demanding educational settings. Professional ethics demand that 
appropriate protective measures for children and adolescents be pro-
vided to assure the best education possible for the next generation. 
Legislative mandates and legal precedent further pressure and guide 
science educators in pursuit of safety excellence, and even science and 
education organizations are helping encourage professionals to assure 
safe teaching and learning environments. 
Reasonable and prudent judgment dictates that informed science 
education professionals would also follow appropriate guidelines es-
pecially those involving safety of minors in their charge, but in many 
instances, science teachers are being held accountable for information 
and skills they have typically not been provided in their pre-service 
education. Proven tools and training are needed to cope with these 
mandates and responsibilities. In an earlier study (Gerlovich 1997), 
it was shown that these professional educators had very poor under-
standing of essential, applicable laws, codes, and professional stan-
dards regarding science safety issues. The National Science Education 
Standards (NSES) (National Research Council 1996) stated that stu-
dents at the K-4, 5-8, and 9-12 levels should know and be able to 
"utilize safety procedures during scientific investigations." 
In an Iowa study (Gerlovich et al. 1998) disturbing insurance and 
accident trends were discovered in the state's school science pro-
grams, and, in Wisconsin, it was found that most of the facilities 
and equipment were below state and national standards (Gerlovich, 
et al. 2001). 
Safety in Iowa school science programs is a serious concern to the 
Iowa Department of Natural Resources, Department of Education, 
school administrators, insurance carriers, parents, teachers, and stu-
dents. Proliferation of mandates and guidelines, including the NSES 
(National Research Council 1996), federal and state legislation and 
professional science teacher guidelines regarding procedures, are in-
creasing demands on science teachers and supervisors. Proven tools 
and training customized to the educational and legal needs of Iowa 
are needed to cope with these changes. This paper describes a process 
that was used to assess the status of science safety and tools that 
were designed to address them. 
METHODS 
Customized Science Safety CD-ROM 
Building on the premise and the documented need delineated 
through previous research studies, a comprehensive science safety 
CD-ROM was created focusing on national and Iowa laws; building, 
electrical, and fire codes; and professional standards. Working with 
representatives from the Iowa Department of Natural Resources, 
Iowa Department of Education (Facilities Consultant, Science Con-
sultant), State Fire Marshal's Office, Iowa Occupational Safety and 
Health Administration (OSHA), and Iowa Department of Health, 
specific safety information critical to Iowa science teachers was also 
identified and refined for CD-ROM application. 
A statewide science safety-training program was then delineated 
to educate teachers in the use of the CD-ROM and its contents. In 
addition to applicable national science and safety information, the 
following Iowa specific content information was built into the CD: 
Iowa OSHA Standards (Right-to-Know, Lab Standard, Chemical Hy-
giene, Bloodborne Pathogens), Iowa tort law as it applies to school 
employees, Iowa Codes (fire, electrical, architectural, plumbing), 
Iowa Department of Education Standards (eye protection equipment 
legislation), Iowa chemical disposal options, Iowa pollution preven-
tion strategies, state and regional government/agency addresses, con-
tacts, and web links to additional safety information, professional 
science education standards were incorporated. Lastly, Iowa graphics 
were then added to the beginning of each major directory to per-
sonalize the CD. 
In May 2001, video segments were created of strategic personnel 
within each of the involved state agencies explaining their interest 
in science safety and the services their agencies could provide. Nearly 
50 actual school science safety graphics, and 100 active web links 
were also added to extend the utility of the CD. The final draft of 
the CD-ROM was created and then shared with Iowa state agency 
representatives for accuracy. In June 2001 the Iowa Department Nat-
ural Resources invited a group of science teachers and administrators 
representing 25 schools to pilot test the product and training agenda. 
Following input from these pilot schools, the Iowa Secondary Edi-
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tion-the Total Science Safety System CD (JaKel, Inc. 2001) was 
finalized. A total of 760 copies of the tool were then duplicated. 
Customized Science Safety Workshops 
Based on input from the 25 pilot schools, the training agenda, 
evaluation tools, and pre-training survey tools were relined for state-
wide workshops premised on the customized CD-ROM. The work-
shops were designed to apprise science teachers of their legal, ethical, 
and professional obligations and provide them tools to address these 
responsibilities. In addition, they enabled science teachers to locate 
information and tools on the CD targeted at meeting these respon-
sibilities. 
The workshops were designed to enable participants to accomplish 
several specific tasks such as: to comply with applicable law and 
regulations; to reduce liability and the risk of negligence judgments; 
to decrease the likelihood of accidents, and injuries, due to hazards 
in schools; to make peers, administrators, and students more aware 
of science safety issues; to comply with the safety components of the 
National Science Education Standards; to recognize and comply with 
the guidelines of professional science education organizations; ro lo-
cate and comply with specific Iowa laws, codes, standards; ro effec-
tively use the Iowa Secondary Edition-The Total Science Safety System 
(JaKel, Inc. 2001) in establishing district policies, identifying and 
correcting safety hazards, and complying with Iowa mandates for 
chemical management. 
Between August and December 2001, 18 full-day science safety 
training and CD-ROM orientation/customization programs were 
conducted throughout the state. The goal was ro encompass science 
educarors from 760 educational institutions. A total of 617 of the 
760 CD's were distributed to workshop participants (middle and 
high school science teachers, community college science instructors, 
and Area Education Agency (AEA representatives)). 
Pre-training assessment forms were mailed to each participant al-
lowing sufficient time for them to check the safety siruation within 
their respective buildings to focus the content of the training sessions 
for presenters and participants. In addition, it was thought that the 
information could provide a more accurate picture of the safety con-
ditions of Iowa's secondary school science facilities and the level of 
knowledge of the science teachers. These results might also aid ad-
ministrators and insurance companies to better prepare the teaching/ 
learning setting to accommodate the contemporary hands-on, minds-
on science curricula being promoted across the nation and within 
Iowa. 
Following the collection of all data, for each question in the pre-
training assessment form, the number of people responding to each 
category was tabulated and percentages were calculated. In addition, 
several chi-square tests of independence were performed to under-
stand the relationship between the variables. The hypothesis of in-
terest, in general terms, was that the variable describing the row 
categories was independent of the variable describing the column 
categories. For example, consider the questions about the age of the 
facility and floor space of the lab. The hypothesis of interest is that 
there is a relationship between the age of the facility and the floor 
space, specifically, 
Ho: Floor space is independent of the age of the facility. 
H 1: Floor space is related to the age of the facility. 
Rejecting the null hypothesis implies a relationship between floor 
space of the lab and the age of the facility whereas failing to reject 
the null hypothesis indicates that floor space was not related to the 
age of the facility. 
Table 1. How old is your lab facility? 
Response 
0-10 yrs 
11-20 yrs 
21-30 yrs 
30+ yrs 
Total 
Count 
73 
37 
66 
189 
365 
% 
20.00 
10.14 
18.08 
51.78 
100 
Table 2. How many square feet of floor space do you have in 
your lab? 
Response Count % 
500-749 ft 2 116 41.13 
750-999 ft 2 103 36.52 
1000-1499 ft2 49 17.38 
>1500 ft2 14 4.96 
Total 282 100 
Table 3. If you have a lab/classroom combined area, how 
many square feet of floor space does it have? 
Response 
500-749 ft2 
750-999 ft2 
1000-1499 ft2 
>1500 ft2 
Total 
Count 
66 
107 
107 
21 
303 
RESULTS AND DISCUSSION 
% 
21.78 
35.31 
35.97 
6.93 
100 
The results of the pre-training surveys were interesting. A total 
of 383 surveys were received from the science teachers in attendance 
reflecting the safety analysis of single buildings within all 15 of 
Iowa's AEA's. 
The Status of Safety in Iowa Secondary Science Facilities 
Just under 70% of Iowa science labs are over 20 years of age (Table 
1). Buildings of this age raise serious questions concerning their 
abilities to meet current applicable codes, such as: electrical Ground 
Fault Interrupters (GFI), and need for increased square footage of lab 
floor space per student to accommodate inquiry-based science. 
Less than 22% of Iowa science labs (Table 2) and 7% of lab/lecture 
combination rooms (Table 3) have the minimum floor space in their 
science labs recommended by their profession. The National Science 
Teachers Association (Biehl et al. 1999) recommended that srudent 
enrollments in science labs be limited to 24, and a minimum floor 
space of 4.2 m2 (45 ft 2) per student be provided (i.e., 101 m2 or 
1080 ft2). In lab/classroom combination settings the square footage 
floor space is expanded to a minimum of 5.6 m2 (60 ft2) per srudent 
(i.e., 134 m2 or 1440 ft2). In addition, the National Fire Protection 
Association (NFPA) Life Safety Codes recommended 4.5 m2 (50 ft2) 
per person in science labs and other vocational settings (Iowa Fire 
Marshal, 1998). The Iowa Fire Marshal recommended following the 
NFPA guidelines. Using either of these standards, it appears as if 
most Iowa science lab settings could not accommodate 24 students. 
Approximately 61 % of the participating secondary school science 
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Table 4. How many exits does your lab have with outward 
opening doors? 
Response Count 
1 143 
2 176 
3 37 
4 10 
Total 360 
Table 5. Do you have a master shut-off for gas? 
Response Count 
Yes 300 
No 34 
I Don't Know 12 
Other 0 
Total 346 
% 
39.07 
48.09 
10.11 
2.73 
100 
% 
86.74 
9.83 
3.47 
0.00 
100 
Table 6. Are lab electrical outlets GFI/GFCI protected? 
Response Count % 
Yes 221 62.43 
No 76 21.47 
I Don't Know 57 16.10 
Other 0 0.00 
Total 354 100 
labs have two or more outward opening lab doors (Table 4). De-
pending on the age of the building, and building codes, two outward 
opening lab doors are generally recommended for science labs. Exits 
facilitate the rapid exit from labs during emergencies and allow al-
ternatives, should primary exit routes become blocked. 
On a positive note, nearly 87% of the labs analyzed indicated that 
they were equipped with master shut-offs for gas (Table 5). Approx-
imately 80% of the respondents did not know about the number of 
air turnovers in their lab. Maintaining air quality within the safe 
limits required by Material Safety Data Sheets (MSDS) can best be 
accomplished by a properly functioning exhaust hood which guar-
antees proper room air turnovers. 
The Safety Status of Secondary Science Equipment 
Just over 62% of the electrical outlets in the participating school's 
science settings were protected with either Ground Fault Interrupters 
(GFI's) or Ground Fault Circuit Interrupters (GFCI), however, 21 % 
of the participating school labs lacked such protective equipment 
and nearly 16% the teachers did not know if it existed (Table 6). 
GFIIGFCI protection is especially important where electrical outlets 
are near (arm's length) of grounding sources such as water pipes. 
It was disconcerting to realize that 6% of labs had no ABC tri-
class fire extinguishers (capable of extinguishing paper and wood 
products, flammable liquids, and electrical fires) were available for 
use (Table 7). In large laboratories, or those that would be difficult 
to negotiate in an emergency, multiple extinguishers should be ac-
cessible. On a positive note approximately 66% of the respondents 
indicated that their labs had one ABC tri-class fire extinguisher. 
Nearly 27% of the labs in the participating schools did not have 
Table 7. How many ABC tri-class fire extinguishers do you 
have in your lab? 
Response Count % 
0 23 6.27 
1 242 65.94 
2 93 25.34 
3 9 2.45 
4 0 0.00 
Total 367 100 
Table 8. How many functioning eyewash stations do you have 
in your lab capable of delivering aerated, running water? 
Response Count % 
0 98 26.63 
1 242 65.76 
2 24 6.52 
3 4 1.09 
4 0 0.00 
Total 368 100 
Table 9. Do You have ANSI approved safety goggles for all 
students in your labs? 
Response Count % 
Yes 316 85.18 
No 29 7.82 
I Don't Know 26 7.01 
Other 0 0.00 
Total 371 100 
a functioning eyewash station (Table 8). This can be dangerous when 
attempting to address an eye emergency involving a chemical splash 
to the eye. 
Over 85% of the teachers participating in this program had Amer-
ican National Standards Institute (ANSI) approved eye protective 
equipment (Table 9). However, slightly over 8% did not have this 
required equipment and 7% did not know if their equipment was 
ANSI approved. Typical of most states, Iowa requires eye protection 
for teachers and students when certain types of hazards exist (State 
of Iowa 1979). 
Teacher Science Safety Procedures 
Just over 37% of the teachers have never received science safety 
training during their career, while just over 17% received theirs more 
than ten years ago (Table 10). With the National Science Education 
Standards demanding inquiry-based, hands-on science for all stu-
dents, this can be dangerous. The combination of a lack of contem-
porary training combined with overcrowded labs and classrooms, 
poor equipment, results in a significant increase for potential acci-
dents. 
Only 28% of the teachers knew that students wearing contact 
lenses may be allowed to work with caustic chemicals in labs only 
if they are wearing "appropriate" ANSI approved eye protective de-
vices that seal to the face (Table 11). Slightly fewer than 9% of 
teachers said that students would never be allowed to wear contact 
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Table 10. How recently have you received science safety train-
ing? 
Response Count % 
Never 136 37.26 
0-5 yrs 99 27.12 
5-10 yrs 67 18.36 
10+ yrs 63 17.26 
Total 365 100 
Table 11. Under what conditions do you allow students to 
wear contact lenses when working with chemicals? 
Response Count % 
Never 29 8.87 
With Safety Glasses 205 62.69 
With Nonvented Goggles 93 28.44 
With a Faceshield 0 0.00 
I Don't Know 0 0.00 
Total 327 100 
Table 12. Do you require student safety contracts? 
Response Count 
Yes 209 
No 154 
I Don't Know 0 
Other 0 
Total 363 
Table 13. How do you store chemicals? 
Response 
Alphabetical 
Chemical Family 
Other 
I Don't Know 
Total 
Count 
44 
236 
65 
0 
345 
% 
57.58 
42.42 
0.00 
0.00 
100 
% 
12.75 
68.41 
18.84 
0.00 
100 
lenses when working with chemicals in their labs while 62% said 
that students would have to wear safety glasses. In April 1994, 
OSHA published its Personal Protective Equipment (PPE) for Gen-
eral Industry Standard (U.S. Department of Labor 1994), clarifying 
Table 14. Do you administer student safety tests? 
Response Count 
Yes 218 
No 146 
I Don't Know 0 
Other 0 
Total 364 
% 
59.89 
40.11 
0.00 
0.00 
100 
this issue. Most typically, the best option would be non-vented gog-
gles that seal to the face. Other professional organizations, including 
the American Chemical Society (Blais 1997) have taken the same 
position with regards to eye protection and contact lenses. 
On a positive note, over 57% of the participating teachers enforced 
the use of safety contracts with students to help ensure a safe science 
setting for all students prior to any lab participation (Table 12). 
When combined with lesson plans and student labs with required 
strategic safety components, an even higher level of safety can be 
assured. 
Approximately 68% of the participating science teachers used the 
safer chemical compatibility family storage system while nearly 32% 
of respondents stored in alphabetical order or some other system 
(Table 13). Storage of chemicals in alphabetical order is generally 
more convenient for retrieval, however, significant incompatibility 
problems can result if these chemicals mingle due to their proximity. 
Approximately 60% of the participating teachers administered 
safety tests to assess student understanding of safety issues before 
involving them in science activities (Table 14). When these were 
combined with student safety contracts, safety components of teacher 
lesson plans, and student written safety cautions in their own lab 
reports, teachers can better gauge student understanding of safety in 
labs they are about to complete. 
There were no significant relationships between the Age of Facility 
and Square Footage of Floor Space in Lab, or the Number of Fire 
Extinguishers available (Table 15 ). 
There was a significant relationship the between the Age of Fa-
cility and the Lab/classroom Floor Space (Table 15 ). It was observed 
that newer lab/classrooms (0-10 years of age) generally had more 
square footage of floor space than did older ones (30+ years of age). 
For rooms in the 0-10 year age group, nearly 62% were larger than 
94 m2 (1000 ft2), while for facilities older than 30 years of age, over 
57% were less than 94 m2 (1000 ft2). This, combined with the fact 
that 52% of the labs were 30+ years old, should be of a serious 
concern to the administrators as well as teachers and may indicate 
that architects are becoming sensitive to the need for larger science 
rooms. 
There was a significant relationship between the Age of the Fa-
cility and the Number of Lab Exits (Table 15). Generally, older labs 
had fewer exits than did newer ones. Just under 85% of the newest 
(0-10 years of age) labs had two or more exits, by contrast, only 
Table 15. Chi-square analysis of data; relationship of age of the facility to other variables 
Row Variable Column Variable x2 P-Value 
Age of the Facility Square Feet of Floor Space in the Lab 8.87 0.4487 
Age of the Facility Square Feet of Floor Space in Lab/Classroom 17.87 0.0368 
Age of the Facility Number of Exits Doors for the Lab 38.61 0.0000133 
Age of the Facility GFl/GFCI Protected 25.0119 0.0034 
Age of the Facility Number of Fire Extinguishers 3.898 0.918 
Age of the Facility Number of Eyewash Stations 22.057 0.009 
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Table 16. Chi-square analysis of data; relationship of participants safety training to other variables 
Row Variable Column Variable x2 P-Value 
Safety Training Student Wearing of Contact Lenses 5.456 0.4868 
Safety Training Use of Safety Contracts with Students 5.8098 0.1212 
Safety Training Use of Student Safety Tests 2.4076 0.4922 
Safety Training Storing How Chemicals Are Stored 12.9768 0.0434 
Safety Training Number of Exits in the Lab 3.1916 0.9562 
Safety Training GFI/GFCI Protected Electrical Outlets 5.9713 0.4264 
Safety Training Use of ANSI Approved Safety Goggles 25.1804 0.0003 
49% of the oldest buildings (30+ years of age) had two or more 
exits. This feature could be critical if teacher and/or students had to 
exit the room during an emergency and the primary exit is blocked. 
There was a significant relationship between the Age of the Fa-
cility and the Availability of GFI/GFCI Protected Electrical Outlets 
(Table 15). Generally fewer older labs (30+ years of age) were 
equipped with GFI/GFCI protected outlets. In newer labs (0-10 
years of age), less than 5% were without this essential equipment. 
At the same time, just under 29% of older (30+years of age) were 
without GFI/GFCI protection. Only 10% of teachers in the newest 
facilities did not know if they had GFI/GFCI protection while over 
18% of teachers in older buildings were so uninformed. With today's 
more complex labs and reliance on electrical appliances such as com-
puters, it is essential that labs be protected from foreseeable electrical 
problems. Again, it appears as if newer buildings are better suited 
to meet these needs. 
There was a significant relationship between the Age of the Fa-
cility and the Number of Eyewash Stations in the facility (Table 15 ). 
More than 90% of the newest (0-10 years of age) and 83% of newer 
(11-20 years of age) labs had one or more eyewash stations. By 
contrast, only about 68% of older (21-30 plus years of age) buildings 
had one or more eyewash stations. In addition, nearly one third of 
older buildings (21 + plus years of age) had no eyewash stations at 
all versus 10% for the newest (0-10 years of age) and 14% of newer 
(11-20 years of age) buildings. Again, it appears as if newer build-
ings were more in compliance with the demands of the NSES and 
student safety. 
There were no significant relationships between teacher Safety 
Training and Student Wearing of Contact Lenses, the Use of Safety 
Contracts with Students, the Use of Student Safety Test, the Number 
of Exits in the Lab, or the Number of GFI/GFCI Protected Electrical 
Outlets (Table 16). 
There was a significant relationship between Teacher Safety Train-
ing and the Chemical Storage Method they incorporated (Table 16). 
The majority of respondents used the chemical families method for 
storing chemicals, while approximately equal percentages of other 
respondents (3% to 9%) did not know what method they used. In 
addition those who had either no safety training or received such 
training over 10 years ago preferred the alphabetical storage method. 
There was a significant relationship between teacher Safety Train-
ing and the use of ANSI Approved Safety Goggles (Table 16). Gen-
erally a higher percentage of respondents who had safety training 
within the past 10 years knew about laws requiring the correct form 
of eye protective equipment for themselves and their students than 
did those who never had such training or had training over ten years 
ago. Equally noteworthy was the fact that the highest percentage of 
responding pamopants, who did not know about this legislation 
were in the group that had never received science safety training. 
Given the trend toward the NSES and increased hands-on, inquiry 
based science for all students, it is essential that these students be 
protected with the most applicable equipment. 
This project was designed to assess the safety needs of Iowa science 
teachers throughout the state and to provide information and train-
ing to address them. The Pre-training surveys appeared to have iden-
tified many weaknesses in facilities, equipment, and teacher under-
standing of these needs. In general, it did appear as if newer build-
ings were better designed than older buildings to meet the needs of 
the National Science Education Standards demand for inquiry-based, 
hands-on science for all students. It also appeared that teachers who 
experienced science safety training were more knowledgeable of safe-
ty information and implemented safety techniques. 
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